This paper presents the results of an investigation of the effects of far field boundary conditions on the solution of the three dimensional Euler equations governing the flow field of a high speed single rotation propeller. show that the solutions obtained with the nonreflecting boundary conditions are in good agreement with experimental data. boundary conditions is effective in reducing the dependence of the solution on the location of the far field boundary. blade passage and the tip vortex are presented. power coefficient on the blade setting angle is examined.
Advanced pro-e s s e n t i a l . Experimental , a n a l y t i c a l and numerical approaches a r e b e i n q developed t o d e f i n e and analyze t h e f l o w f i e l d o f an advanced h i g h speed D r o p e l l e r ( M i k k e l s o n e t a l . 1985). p e l l e r s employs t h e G o l d s t e i n t y p e l i f t i n g l i n e anal y s i s m o d i f i e d t o account f o r b l a d e sweep, spanwise v a r i a t i o n o f b l a d e l o a d i n g and blade-nacelle i n t e ra c t i o n (Rohrbach e t a l . 1982). F o r a d e t a i l e d a n a l y s i s and understanding o f t h e h i g h speed p r o p e l l e r f l o w f i e l d , l i f t i n g s u r f a c e analyses a r e used. The l i f t i n g s u r f a c e a n a l y s i s used i n a f u l l numerical approach t o t h e understanding o f t h e p r o p e l l e r f l o w f i e l d i s e i t h e r a p o t e n t i a l f l o w a n a l y s i s o r an E u l e r a n a l y s i s . p o t e n t i a l f l o w a n a l y s i s solves t h e t r a n s o n i c p o t e n t i a l e q u a t i o n and r e q u i r e s t h e s p e c i f i c a t i o n o f wake locat i o n . The p o t e n t i a l f l o w s o l u t i o n has been e x t e n s i v e l y used i n aerodynamic analysis.
The assumption o f potent i a l f l o w i s , however, n o t s t r i c t l y c o r r e c t when shock waves a r e present. i n v i s c i d t r a n s o n i c f l o w can be be o b t a i n e d by s o l v i n q t h e t h r e e dimensional E u l e r equations. These equations a l l o w e n t r o p y r i s e through the shock waves w h i l e cons e r v i n g mass, momentum and enerqy. I t has been r e p o r t e d t h a t t h e s o l u t i o n o f E u l e r equations has produced a reasonable d e s c r i p t i o n o f l e a d i n g edge vort e x and v o r t e x wake behavior ( R i z z e t t a and Shanq 1986, G r i n s t e i n , e t a l . 1986). The s o l u t i o n s o f t h r e e dimens i o n a l E u l e r equations have been found v e r y u s e f u l i n a n a l y z i n g complex f l o w s i n turbomachines. (1) Transform t h e i n f i n i t e domain t o a f i n i t e domain and s p e c i f y t h e f r e e stream c o n d i t i o n s a t t h e f a r f i e l d houndary.
( 2 ) P l a c e t h e f a r f i e l d boundary a t a d i s t a n c e s u f f (1) A f a r f i e l d houndarv c o n d i t i o n hased on an expanrion t h a t was asymptotic i n d i s t a n c e f r o m an a r b i t r a r v o r i q i n , developed b y Thomas and 5 a l a s (1986) and R a y l i s s and T u r k e l (1980) . which e x a c t l y a n n i h i l a t e s t h e o u t q o i n q waves developed b y E nu i s t and Mazda (1981). specified the far field boundary at a distance of two blade radii from the axis of the propeller and implemented the slip wall boundary conditions there. It has been argued that such a wall boundary specification for a propeller flow in an infinite domain, could produce significant errors in the computed blade pressure distributions which are the input needed for acoustic computations. The importance of an accurate description of the blade pressure distributions has motivated the present study of the effect of far field boundary conditions on the Euler solution of the propeller flow field. In this paper we consider three different far field boundary conditions. condition, solid wall boundary condition and a nonreflecting boundary condition. incorporated into the Denton computer program and the solutions are compared.
The experimental data on the high-speed propeller flow field is very limited. Use of the data is difficult because of the uncertainties in the dynamic blade shape. In this paper, the sensitivity of the numerical solution to the blade-setting angle is studied. In addition to the far field boundary condition, the study examines the effect of location of the far field boundary and nonreflecting boundary conditions at the inlet/ exit sections.
They are the free stream Computational Grid domain on a grid generated algebraically. domain is discretized using three kinds of surfaces. The bladewise surfaces are evenly spaced and are limited by the suction side of one blade and pressure side of the adjacent one ( Fig. 2(a) ).
In the figure the outer boundary is at a distance 2Rt from the axis of the spinner. spaced along the spanwise direction and are limited by the spinner/nacelle surface and the outer boundary ( Fig. 2(b) ).
The spanwise (quasi-orthogonal) surfaces are variably spaced along the axial direction depending on the region, leading edge, trailing edge, blade surface, inlet or exit and are limited by the inlet and exit planes. The computational nodes are located at the corners of each volume element defined by the streamwise, bladewise and spanwise surfaces. The fluxes of mass, momenta, and energy through each face are calculated using the averages of the flow properties stored at the corners of that face.
The governing equations are solved in the physical
The flow
The streamwise surfaces are variably
The Numerical Technique Denton's explicit time marchinq method employs what is called an opposed difference scheme. scheme uses upwind differences for fluxes of mass and momenta, and downwind differences for pressure, in the streamwise direction. The derivatives in the circurnferential direction are evaluated usinq central differences. The time marchinq method uses a time step such that the Courant number is close to unity. The method itself ensures stability by solvinq the flow equations i n the order of continuityenergymomentum. The procedure is as follows:
(1) For each time step and each control volume the continuity equation is used to find the new density associated with each grid point.
(2) The energy equation is solved to yield new energy using the densities of the previous time step.
( 3 ) The new density is then used along with the velocities and energy from the previous time step to compute new pressures.
( 4 ) The velocities are then updated using the momentum equations with the new pressures and densities.
A variable time step appropriate for each volume element is used to accelerate convergence. is of first order accuracy and is modified to achieve greater accuracy by adding a lagged correction factor to correct the upwind pressure to a value close to the true one. The scheme uses no explicit artificial viscosity. Only a smoothing is used after each time steo to smooth out any waviness in the circumferential directinn, The cnnvprgenre i s jiidged nn t h e hasis nf mass conservation and the maximum change in the axial velocity component.
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Initial and Boundary Conditions
The Euler equations governinq the flow field o f the propeller have to be solved in conjunction with a p p r o p r i a t e i n i t i a l and boundary c o n d i t i o n s o f t h e f l o w . here, t h e i n i t i a l c o n d i t i o n s need be o n l y approximate. The boundary c o n d i t i o n s t h a t need t o be s p e c i f i e d depend on t h e f l o w Mach number. e n t e r i n g and l e a v i n g t h e computational domain i s assumed subsonic. b l a d e p r e s s u r e d i s t r i b u t i o n i s o f main concern i n t h e p r e s e n t study.
The w a l l boundary t h e c u r v e f o r t h e n o n r e f l e c t i n g boundary c o n d i t i o n shows good o v e r a l l agreement w i t h experimental d a t a ( J e r a c k i 1986). A l l o f t h e t h r e e E u l e r p r e d i c t i o n s and t h e l i f t i n g l i n e a n a l y s i s s i g n i f i c a n t l y o v e r p r e d i c t n e a r t h e b l a d e r o o t region. The p r e s e n t r e s u l t s show a " t r a n s i t i o n " r e g i o n i n t h e p r e d i c t e d elemental t h r u s t c o e f f i c i e n t curve, which corresponds t o t h e r e g i o n o f b l a d e shape t r a n s i t i o n . (1985) . The pressure d i s t r i b u t i o n s a t t h r e e a x i a l s t a t i o n s , namely, l e a d i n q edqe, mid chord, and t r a i l i n g edge a r e shown F i g . 9. The p r e s s u r e c o n t o u r s a t t h e t r a i l i n q edqe ( F i g . 9 ( c ) ) i n d i c a t e t h e propaqat i o n o f p r e s s u r e waves from t h e h l a d e t i p as p i c t u r e d i n c o l o r g r a p h i c s by . w i t h c e n t r i f u g a l l o a d i n q a t d e s i g n speed. The comput a t i o n s r e p o r t e d i n t h i s paper a r e w i t h a b l a d e a n g l c o f !i8.7' , a l l o w i n g f o r t h e dynamic u n t w i s t . The deDendence OF t h e computed power c o e f f i c i e n t on t h e b l a d e s e t t i n g angle i s shown i n F i g . 11. I t i s seen t h a t t h e power c o e f f i c i e n t depends s t r o n q l y on t h e b l a d e s e t t i n q angle ( o r t h e e s t i m a t e d u n t w i s t ) . Such a dependence has been observed i n experiments (Rohrbach e t a l . 1982) and o t h e r E u l e r a n a l y s i s ( B a r t o n e t a l . 1985). 
y , t h e a x i a l v e l o c i t y a t t h e boundary p o i n t i s computed u s i n q e i t h e r t h e a x i a l v e l o c i t y o f t h e f r e e stream o r t h e a x i a l v e l o c i t y a t t h e p o i n t a d j a c e n t t o t h e boundary i n s i d e t h e comnutational domain. The tang e n t i a l v e l o c i t y component i s e x t r a p o l a t e d f r o m t h c p o i n t a d j a c e n t t o t h e boundary. A p e r i o d i c i t y c o n d i t i o n i s imposed ahead and downstream o f t h e b l a d e f r o m hub t o o u t e r boundary and beyond t h e b l a d e t i p i n t h e b l a d e r e g i o n . On t h e s o l i d s u r f a c e s t h e mdss f l u x throuqh t h e s u r f a c e i s s e t t o zero. A t t h e i n l e t boundary t h e r e l a t i v e s t a g n a t i o
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